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Description 

BACKGROUND OF THE INVENTION - : ; 7/ 

for such ^T 3165 t0 e,eC,r0niC ^ ^ m ° re Par,iCU,ar,y; to '^« structures and fabrication methods 
to thl'es'S^ iS d ° mina,ed by metal interconnect .eve. RC time deteys due 

Hydrolyze an alkoxide in a solvent. 



'ELO^ ^OEt HO ^OH 

^Si + 4H;0 -> Si + 4ELOH 

•EtO OEt HO^ ^OH . 



The solvent could be ethanol 

Then condense (gel) the hydrolyzed alkoxides: 



OH HO x O / 

• Si- V- Si -> Si Si + H 2 0 • 

cosity he C ^ Sa,i ™ uld be «*»■•- so that spin coating occurs alter partia. condensation to a convenient vis- 

to re^celTc^ ^ Within ,he **- " 9*' by low-surface',ension solvent 

disdoses Jt^X^ZT * ^ 9 m,nim,Z,n9 CO " apSe °' ,hS P ° reS US Patent No 5 ' 561 - 3« 
However, silica xerogels have not yet become manutacturable. ' / " I, /., 

SUMMARY OF THE INVENTION ■ • .• . . 

b^ZTS^nS^^SC' d f ,eCtr ; CWi,h 6nhanCed SUr,aCe adheSi °" b ^ P^sma acivalion: ion 
.ectr^constan, an^™^ ^ «° — - 

Th.s has the advantages of manufacture interlevel dielectrics incorporating xeroge. to lower dielectric constant. 
BRIEF DESCRIPTION OF THE DRAWINGS . ■ .. \ ' ". ' ' : 

draJn^n^^ 

Figur s 1a-g are cross sectional elevation views of a preferred embodiment integrated ^circurt' fabrication method 
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Fiqures 2a-b illustrate in cross sectional elevation views another preferred embod.ment. 

Fiaures 3a-f show in cross sectional elevation views a further preferred embodiment. 

Figures 4a-c are cross sectional elevation views of another preferred embod.ment. ( ... , 

Figure 5 shows open pore filling adhesion. - ■ 1 - . -. ..v., ■ . 

F^uS £e Suttrale in cross sectional and plan view* prder^ernbc^ment str U ctur^ • • • 

DESCRIPTION OF THE PREFERRED EMBODIMENTS : ;"- u . ' ' ' , 

The preferred embodiments enhance xeroge. properties and use^uch enhanced xe'rogel as a major component 

for integrated circuit (e.g., CMOS or BiCMOS) as follows. 

mmmtmmm 

l°p£ S "c.s w£ch wo u « also ..quire a p,lo, base Irnpfcnt. See Ffcun ^ » sbows s. ton subs, 

Zch preTte, ^MMoSm. L alternative would be lotmatlon ol polygon gates followed by 

Tanenhl^JdJn and sldewall dieleolrlc formation ol .he next step) to create a stad. on bo.h the 

TplrrwZel'Sn impM s. and ,hen form sidewa,.. dieteolrio on the 9 a,es by deposition plus anls^ 

deoosition (PVD) or chemical vapor deposition (CVD) (e.g., TiCI4.+ NH3 -» T.N. + HCI). the a'" m <n um m a .y i d 
deS ed ^ PCD and then forced^nto the vias underhigh pressure or by CVD; ^^^J^jCVa 
Alternately the vias may be filled with W by a CVD blanket depos.t.on. followed by an etchback to leave W only 
in the vias ( W plug), and thenblanket Ti, TiN, Al. and T.N deposrtions , .-, • ■> ^_ ■■ ■■ & ' . 

5! Photolithoqmph cally define and otch the first level metal to form f.rst level .nterconnects 130, soo F g^ te- 
The gapt Seen adjacent interconnects 1 30 may be on the order of 200-300 nm, and these . m.n.ma. gaps dom- 

ToZ^TZ^^o^ oxide .iner 140 on interconnects 130 plus exposed dielectric, 20 by plasma 
(6) Deposit a ou.nm in.c Ljner 140 pas sivates the metal surfaces and prevents 

- ^JZ^£™ZXZZ£^*^ " a-P.»,des m eona^,s, t en 8m ,o 
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suppress electromigration and suppress interconnect-to-interconnect leakage current Other dielectric liner mats 

ES.T£ T? • Nner ma,eria, COntribU,eS ,0 ,hS e « eCi ™ dielectric «™««nt between me m^a. qat" 

Thus high dielectric constant liner material must be very thin • minimal gaps. 

mlom^n °* Xer ° 9e ' prebUrsor <e ° '. oligomers condensed from hydrolyzed TEOS 

inn Z^^^ ^y^ 9lyco. or other polynol solvent) with added NH40H catalyst The viscosity 
Thlt .^n 9 SOl " t,on ^ ,erm,neS ,he p,anarit y of ,he resu,,in 9 as described in the viscosity sectbn betow 

the 9 Jf ma V h b « «hick.enough tocoverthe tops of the interconnects 130 by rough.y 100 nm fH. 

: open areas be " een inter ~^ 3 — ™ « 

• (8) Age the coated precursor solution at room temperature in an NH40H atmosphere for 1 -20 minutes Alternative^ 
decrease the reaction time by heating to 1 20° C for 1 -4 minutes. During this aging the cc*oCL^ 
ethano 1 ;^ F% ***** plus wate ' (condensation reaction product) In^S^S^TSl 

■ ^SSSSS?!!^, 1 ^ ^r 6 ^ 00 ' haS lower,va P- P-sure a.ong with'a high surface fension 

surfac Ens£ f iSd bV^ P ymer netWOrk POreS (Pfimari ' y ethy,ene 9,yco,) with ethano1 or s °™ °ther low 
surface tension liquid by continuous spin coating with ethanol. Without this replacement the hioh surface tension 

of the onginal so.ventmay (partially) collapse the polymer network during solvent evapora^S due to surface 

(10) Spin a source of hydrophobic groups/such as hexamethyldisilizane (HMDS), onto the gel to convert anv 
rc™o 9 uI dC y X U pe S 0 " ^ P °' ymer ne,W ° fk l ° hydrOPh ° biC 9r ° UPS ' ^ " ,rime,hylSi "' 9-P~ y 

- SiOH + (CH3)3Si-NH-Si(CH3j3 -> - Si-0-Si(CH3)3 + NIH3 

of 'tct^^TH £"* C ° ndenSa,i0n reac,ion c — ris -"9hly 70% of the ethoxysi.icon bonds 

hvdrlhohi. k remaming 30% of the ethoxysilicon bonds mostly into silanol bonds The 

L 9 T ? UbStl,U,lon e,iminates most °< these silanol bonds. The silanol groups are hydropic and 
tenZZ 9 " ^ ,e,eC,rlC 1 cons,ants and <= a ^ Potentia. metal corrosion problems. However if hydrops p.ul con 
densat.on produces only a small number of hydroxyl groups, then this step could be omitted 0yS ' Sp,USCOn 

ininh ?h 3 , W ' th 3 ' OW sur,ace - tensi °" such as hexane. If the polymer network of the gel is strona 

■ toSo 9 350°C o rablT 6 n 0 eXCha H g t T ^ ° mitted EVaP ° ra,e ,he maj0 "" ty ° f " he hexane b V hiJhJtitS 

' wim vapoLaiM^ the ^ th° S ^ ** ¥ form 3 Xer ° gel Consists of ,he P°'ymer network 

n^fh the-pores. The xerogel may be 50-90% pores and 10-50% polymer network by volume with the 

pores having an average diameter on the order of 1 0-20 nm V vo,ume Wltn tne 

(12) Further d.y. the hydrophobic xerogel in a reducing atmosphere of forming gas (95% N2 + 5% H2) at 425° C 
^^^2^ S ° Ut ° f "»» ^ "~ ^ Drying section below' dlSJs 

Thus the Tetlloo* lT,h C<5> ' ° Ver ' yin9 Xer ° 9el may shrink without constraint. 

«n^hn!,S I ? P ? hG 93PS may be h,gher than ,he rela,ive P«» volume above the interconnects 

a r^P, tne interconnects. 

£ tS^SS^T^S! bvl a f bOUt 10 ° h nm ^ 6XPOSe ' iner ° n ,hS ,0PS ° f the Connects 130; see Figure 
Lrc^ne^s TsohLtS^ f UOn "«- based P'^a. This etchback to clear the xeroge. from the tops of the 
^^^Z^^TT1 0a t V ' aS " eXt ,eV61 °' interconnecls w «' ^ have to be etched through 
probfem. ° ' «tch,ng control may be simple and outgassing from the xerogel into etched vias will not be a 

HSoSjeM 44°aaS ~ IT? "T? ^ m ° f hydf ° 9en ^^ane (HSQ) and cure it ai 400' C. 

■ surface Ir^K 7^ ^ 142 ^^ ^ ^9 °Pen pores at the surface) and provides a 

^ZZ fr^ T T ^'tion of a thick capping dielectric; see Figure 1f. Without HSQ adhesion layer 
l^theh/drophobic surface of xeroge.142 would provide poor adhesion for oxide deposited by plasma-enhanced 
rZT™£:r nls The AdheSi ° n — b — —es further xeroge, suLe adhJsL ^ment 

ix?aenTozon 1 e 5 °T°h nm die,e H ,r | C ' 46 °" by P ' aSma enhanC6d —"Position o.TEOS with 

m^?? 0 , ^ " P anZe d ' eleC,nC 146 With chemical mechanical polishing (CMP) to provide for an inter- 
^^^^T ^ 1 fT 1 °°° " m ThiS COmP ' eteS the ,irS ' metal l6Vef interconnects ^ further 
„nHl!., P ° n St6pS (4H15) WhefQ ,hG vias in the P'anarized dielectric extend down to mmediatelv 

underlying mterconnects; see Figure ,g Note that a via may effectively extend through two or more .eve^y s mp y 
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formina a v.rttaa slack olvias and ^ved^ing small melalpalcnes. ■ 

Th, p-acad.,9 ambodiman, elchad back «*> *..ogal in W (^"•^'"•^W^""^^; 
,„ contra",. M non^chback arnbodirnan, omits this Mchback ™ 

260 S^^CSS: vTsS'i fox M . 246. so av„ pod. sdh.^ « x„oo f M b» .ho M**. «~ 

tter via fill spin on xeroge. precursor solution (plus catalyst if necessary) and process as in preceding gaofill 

A."rnl" erdie.ectric 120 cou.d have a nitride upper portion ,o. provide a more se.ective etchs.op for.the xeroge. 

,ren Bla e nket deposit 20-50 nm thick TiN- conforms, barrier layer 350 by PVD or CVD. Other barrier materials include 
T fl N ^2N W2N and Ti&N (which can be formed by silane treatment of amorphous TIN). The hydrophob.c surface of 

P ' US C^'*c™«D.^ 

Tfter me .^"polishing, deposit 700 nm thick dielectric layer. 360; see. Figure 3d, .The.d.electnc may be ox.de 
and deposed by^asma-enhanced TEOS decomposition with oxygen or ozone. This comp etes the f.rs level jar- 
^S^tog^s to Figure ..). and repetition of the foregoing steps (via etch and fill, xerogel deposrt.on. trench etch, 
trench fill, and dielectric deposition) provides lurlher interconnect levels. .• . .• -J. ' •„ 

An a ternative-structure for more protection of the xeroge. from CMP damage ,nc ud es .formica 00 nm th^ck 
oxide .ayer 346 (on adhesion .ayer 344) on xerogel 342 surface prior to .reconnect trench etch. Mh s^e the 

plus top level interconnects, fill the vias, form xeroge. layer, pattern interconnects in the xerogel. depos.t blanket metal, 
polish to complete interconnects, and deposit overlying dielectric. • .• •»■•■• 



EP0 881 678 A2 



10 



15 



20 



25 



30 



35 



SO 



55 



A further embodiment deposits oxide over the interconnects; tches trenches b tween minimally spaced intercon 
nects, and Jen fi Is the trenches with xeroge. by spin oh and etchback. .ri particular. Figures 4a-c i.lusShifapp^ch 
Figure 4a shows trenches 441 which have been etched in p.anarized oxide 440 and b tween minima rsiTe^ ad ^t 
' 3^ a 9ah> i 7 erCOnnectS 430 «"» be ™ ™ high and 200 nm wide with the minimaUpSg^f 200 nm 

Next spin on a x rogel precursor solution which fills trenches 441 plus the horizontal portions of oxide 440 and 
hen react o form the gel and dry to form xeroge. 442. Etchback xeroge. 442 (fluorine-based piasmaj tor emo^an ol 
the xerogel outside of the trenches; see Figure 4b. P'asmajio remove an ot 

Deposit and planarize thick oxide 460 on oxide 440 and xerogel 442, the poor adhesion to xeroqel 442 is not a 
problem because of the large oxide 440 area. Etch vias in oxide 460 down to interconnects 4^ and deposit and 
pattern metal to form interconnects 470; see Figure 4c. This approach only has xeroge. in rn^rri^TbeLlln 

,a Z r c^l^ °' rS6 ' ,hjS iS Wh6re ^ Xer ° 9e ' haS ,hS ™* effect in lo ^9 <= a P a " couSng 
a J s h!.T«n f 8 S '" COn nitfide lin6r: ,hiS permi,s se,ec,ive oxide etching the trenches in the minimal 

gaps between adjacent .nterconnects and leave the nitride liner to protect xerogel 442 from metal interconnects 
However, such a Imer will increase theeffective dielectric constant between ^adjacent interconnS 

HSQ adhesion layer 144 of the previously described embodiments could be replaced by layers of other materials 
which also have good gap fill properties. In particular, the average pore size of xeroge. varies wi^ 

i^EEE rn nS,amS ab ° Ut 1 5 ,0 20 ,hS aV6ra9e SiZS iS on ,he order « 1 0 '° 2^^^S5SSS 
havrm^l J . ,T n r rGS ° f th,S SiZe * th8 SUrfaCe Wi " h3Ve 3 lar 9 Q contact area ■» *™ » «•» «ro 9 e. p.uTS 
ES™ F ^f 8 !' nte rl0Ck,n 9 to Hlcrease adnesi °" Figure 5 illustrates in cross sectional elevation view the open pole 
h ng. Figure 5 shows xeroge. 510 including interior pores 512 away from the surface and pores 514-516 open aUhe 
surface; gapfill material layer 520 fills essentially all of pore 51 6 but only roughly half of pore 51 4 If the gatS^lS 

IVh^nS T I" ° f V °' Ume * thS aVera9e ° pen P ° reS at ,he surfa ^ th - the contact area'Tn ^ laTe anj 
SlST? ,nte ;'° Ck,n9 ^ S ' 9n,ficant So a H-P*** serial which provides a good surface for subsequent thTck 
dielectric deposition may be used as an adhesion layer material uusequen. micK 

fill Z°^ZT^T d TE ° S , OX L de ( ° f f,uorinatGd ° xidc > thick di °'ec.ric, the following materials should sufficiently 
C^ <^cZS Z^ he xero 9 el surfa '* and provide the adhesion layer: HSQ. subatmospheric ozone TEOS based 
of o ?£ and so' forth " S " SeSqU, ° Xane ' F ' OW ™ oxide < S P" «" <™ si.ane in hydrogen peroxide at a temperature 



adhelbn fo TteoT^L ^Z ° ""T* HS ° * " 2 38 P^ious embodiments to provide 

thT^Zl? deposl,ed d,el f tr,c - a " alternative embodiment enhances the surface adhesion of xerogel by activating 

S 0 1 5^o r Th.T 3 T °' 1 °" 90% hydr ° 9en Bnd femainder ar9on ,or 1 minute w « h a assure in the range 
nlulacS such 17 ^ hyd '° 9en """" the SUffaCe ™ Xh * 9roups " the hydrophobic xeroge. witffa 



net reaction such as 

' ' ' *\ -Si(CH3)3 + 6H -» -SiH3 + 3CH4 



^^JZZSZS? ^ adheSi °" * b ° lh *P~"" («- : -«ed) oxides and other die.ectrics 

40 - hane^IL"!? hydr ° 9en plasma 'reatment can be performed in the same chamber as the subsequent plasnuren- 
hanced px.de. deposrtion; so the hydrogen plasma adds little processing complexity. . . P ,asma "e n 

as used* ES«S£IE , S re ^ , Tf Ce a ' SO Pr ° VideS 900d adheSi ° n ,Qr dep ° si,ion of barriere such a * ™ *" d Ta2N 
as used in. the. previously-descnbed damascene interconnect structure 

« su^cebTreSons like 31 " 16 "' P ' aSmas based °" °> her *>»™ 9asses such as NH3, 02. a.so activate the 



-Si(CH3)3 + NH3U -Si(NH2)3 + CH4 
^Si(CH3)3 + 02 ^> -SiO + CQ2 + H2Q • 



c^t^oS^^S IT. e ^ anCement CO " ap ^ s a ,hin la V er - «he xeroge. at the surface to forma datively 
tZTJi , i ! u ,? ■ Provides a.large contact area for deposited, layers. See Figure 6 illustrating the continuous 
S£? the t S J ell W - , ! h ^° ,,apSed Pores near the surface. To.form the shell, exposes the xeroge. sS to ion beam 
^ketaattl^L 8 "- 7 ^ a " ^ ^ b — With a ^ <- 1 and anion en eS o^O 

Th* hShS? H 3 9 ^ COU ' d PfOVide ,he i0n bombard ^ent The hard shell will be about 20^0 nm .hick 
The hard shell provides good surface adhesion tor plasn«^hanced deposited oxide... : ...'l . ' \ 
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In effect if the average pore diameterwere D, then the portion of the xerogel within a distance of 2D of the surfac 
would have a porosity (ratio of total pore volume to total volume) of much less than half of the porosity away from the 

SUr< The drying of the gel in foregoing embodiment step (12) could also be-accomplished at other, temperatures and 
with other reducing atmospheres at various pressures,, The reducing, atmosphere apparently helps remove ^residua^ 
adsorbants which may be partially oxidized. This treatment brings the dielectric constant down.to.a stable m.nimum 

,0f TnPwU heating in the range of 400-500" C for, 1 -60 minutes suffices ^^^^^^^^^ 
the longer times for the lower temperatures. Typically, integrated circuit-processes will have a thermal budget and an 
upper ifmit for temperature, and thus a lower temperature but longer drying may be required. However; drying wrth the 
same conditions as used for other heat treatments, such as 430» C for,30 minutes aluminum s.nter.ng .n form.ng gas. 

WOU T d h b e e redudng alosphere.cou.d be at a pressure of 1 mTon to'lOTorr and the gasses cou.d be H2 with an inert 

oas (N2 Ar. He ) in various proportions. Other reducing gasses such as CH4. NH3, ... are possible: ^ 

9 Spin on dielectric solutions typically consist of two components: a dissolved solid and a solvent .^r.^ the sp n 
on prLss. most of the solvent evaporates leaving a greater than 90% solids <^^^JZ*£?ZgZ 
polymerized during hot p.ate or furnace bakes. The initia. solids content must be relatively small ( ess-than 30 A) to 
K Him thickness uniformity across the wafer and good gapfil. of high aspect ratio features: This low solids content 
Generally implies tow viscosity and poor plana rization. _ . 

. The precursor solution as used in the preceding embodiments can be thought to have three components, a^h 
vapor pressure solvent (ethanol). a low vapor pressure solvent (a polynol such as ethylene glycol), .and the TEOS 
oligomers; the volume percentages are roughly 70% high vapor pressure solvent. 20% low vapor pressure so vent 
and 10% oligomers. This three component system permits two independent stages of the spin on process. F.rst. just 
as in the case of typical spin on dielectrics, the three component system can be adjusted to have low enough viscosrty 
to insure thickness uniformity and good gapfill. However, once the high vapor pressure othanol has evaporated. t£o 
lower vapor pressure polynol with dissolved oligomers is still a liquid just beginning to crosslink (polymerize) Th s 
viscous liquid has already.achieved good wafer thickness uniformity and gapfill and can be spun at higher speeds to 
achieve better planarization. For example, the initial spin on may be at 1000 rpm and the second spin after ethano. 
evaporation may be at 5000 rpm. Note that the final xerogel film profile will be identical to the l.qu.f.ed profile of the 
polynol/oligomer liquid after the final spin process because the sol-gel process forms a cross-linked network 'hroughou. 
the entire liquid volume The two solvent sol-gel process thus enables an effective decoupl.ng of film thickness uni- 
formitv and qapfill from planarization. • 

The viscosity of the polynol/oligomer liquid can be adjusted either by appropriate choice of Ihe polyno Lor o the 
time allowed for the crosslinking to proceed before final high speed spinning. Figures 7a* illustrates the two stage 
spin on Figure 7a shows the tow viscosity three component system. profile after sp.n on at low speed with the dotted 
line indicating the volume decrease when the high vapor pressure solvent evaporates; and Figure 7b shows the sub- 
sequent profile after high speed spin for planarization with the viscous liquid nmWamQ a , A ithpr 
The reduced mechanical strength of xerogel compared to dense oxides imposes two potential problems at either 
stress concentration regions or regions with large mechanical stresses. In particular any v ^ iat 7:' h ^'y;"^ e e J' 
topography over a length scale greater than that of a few times the minimum metal pitch will resul n xeroge thickness 
variations and initiation points for cracking. In addition, in the highly stressed bondpad regions o the chip would be 
preferable tb minimize the thickness of the xerogel atop the bondpad. The illustrative embedments solve both of these 
problems with a combination of dummy metal in the open areas'and slotted bondpads. An additional advantage of this 
architecture is the nearly constant height of the xerogel top surface with respect to the silicon surface. This greatly 

increases the process margin ol the CMP process. 

Figures 8a-b show in cross sectional elevation and plan view xerogel 820 on interconnects 810-81 2. The embod- 
iment interconnect structure adds electrically unconnected interconnects 850-852 to fill in open areas as between 
810-81 1 and thereby planarize the xerogel as illustrated in Figures 8c-d. Indeed, interconnects 850-852 do not connect 
by vias to any other level interconnects and electrically float. Also, dummy interconnects need not be of the same width 
as electrically active interconnects and may be segmented as shown by 852-853. Indeed, arbitrary geometric patterns 
with not large open areas will suffice. The dummy interconnects may be more than the minimal gap from the closest 
active interconnect and still fill without significant surface sloping. . 

The plana, Izod xcrdgcl implies only a minimal amount of planarization need by used; in fact, using an HSQ adhesion 
layer will also sufficiently^ planarize to avoid CMP of the overlying deposited dielectric for the next level interconnects. 

With damascene structure interconnects, dummy interconnects limit open areas of xerogel and add mechan.cal 
strength arid inermai conductivity to the xerogel Interconnect layer; recall Figures 3b<i.- Further, the interconnects 
(electrically aciiveplus dummy) can provide a polish stop for direct CMP without need for the oxide and adhes.on layers 
as in Figures 3e-f The dummy interconnects also'provide vertical thermal conduits to avoid the l.m.ted thermal con- 
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ductivity of the xerogel. 

Laterally extended metal structures, such as bond pads, act like elevated open areas for the spin on xerogel and 
thus have a thicker top layer To further planarize the spun on xerogel. bond pads and other extended metal structures 
are formed as a series of interconnected interconnect segment as illustrated in Figure 8e. 

The 50 nm oxide liner on the interconnects (see liner 140 in Figure 1d) could be replaced by other dielectric 
materials to lower effective dielectric constant. In particular, any conformally depositable material which does not react 
with the interconnect metal and to which xerogel will stick could be used. For example, parylene can be conformally 
deposited from the vapor phase, and the subsequent xerogel will stick to parylene. Other materials include fluorinated 
parylenes (e.g., AF4), ... 

The described. embodiments can be modified in various ways while retaining the features of surface adhesion, 
reducing atmosphere drying,' and dummy interconnects with three component system for two stage spin on. 

For example, the xerogel may be a hybrid organic-silica (replace the original TEOS with monomers such as (EtO) 
3Si-R-Si(Ogt)3 where R is a carbon linking group such as C6H4), the dimensions may be scaled, 

Claims 

1. A dielectric structure, comprising: 

20 a first layer of porous dielectric; and 

a second layer of dielectric formed on said porous dielectric; 

. wherein said second dielectric layer fills at least 50% of the volume of the open pores at the surface of said 
porous dielectric layer. 

25 2. A dielectric structure, comprising: 

a porous dielectric layer; and 

wherein the surfaces of the pores of said dielectric layer are 
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(i) hydrophobic for pores away from a surface of said layer; and 

(ii) non-hydrophobic for pores at said surface of said layer. 

3. A dielectric structure, comprising: 

1 a layer of porous dielectric with an average pore diameter of D and with the ratio of total pore volume to total 
'layer volume of p; and " . * ■ 

wherein the portion of said layer within a distance 2D of a surface of said layer has* the ratio of total pore 
• volume to total layer portion volume of less than p/2. 
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FIG: 2a 
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FIG. 2 b 



15 



EP0 881 678 A2 



DIELECTRIC 




FIG. 3 b 
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